1. Introduction
===============

Hypertension is the leading risk factor for cardiovascular disease,^\[[@R1]\]^ associated with increased risk of coronary heart disease, stroke^\[[@R2]--[@R4]\]^ and accounts for about 7.6 million deaths per year worldwide.^\[[@R4]\]^ Currently, hypertension is most prevalent in the United states (29.0%),^\[[@R5]\]^ Brazil (21%),^\[[@R6]\]^ Turkey(30.3%),^\[[@R7]\]^ and Arab countries (29.5%).^\[[@R8]\]^ But only about half of the patients were under control in the United States^\[[@R5]\]^ and Turkey.^\[[@R7]\]^ Hypertension is also a common disease in China (26.7%),^\[[@R9]\]^ affecting over 200 million patients alone,^\[[@R10]\]^ but the control rate was only 11.2%.^\[[@R9]\]^ It is the most important risk factor for premature death and stroke in China.^\[[@R11],[@R12]\]^ Stroke is the leading cause of adult disability in China,^\[[@R13]\]^ and places a significant socioeconomic burden on patients and the health system.^\[[@R11]\]^

Effective blood pressure (BP) control significantly reduces the risk of stroke and death.^\[[@R14]--[@R17]\]^ A recent meta-analysis by Sundström et al^\[[@R16],[@R18]\]^ showed that antihypertensive drugs reduce the incidence of stroke and death in patients with uncomplicated grade 1 hypertension. It was reported that BP reduction with short-term antihypertensive drugs treatment has long-term protective effects on target organs.^\[[@R19],[@R20]\]^ Although antihypertensive agents are the most effective agent to reduce BP level, behavioral intervention and self-care all are helpful to lower the BP.^\[[@R21]--[@R23]\]^ However, few studies have evaluated the effect of short-term management of hypertension on the long-term incidence of stroke and total death in community health centers. The Hypertension Control in Communities (HCC) Project, described previously,^\[[@R24]\]^ initiated intervention studies in community health centers (CHCs) across China between 2005 and 2010 to determine the effect of one-year, guideline-oriented management of hypertension at the community level. The control of hypertension in the community improved significantly after one year.^\[[@R25]\]^ The present study was conducted to determine whether 1-year hypertension management is associated with an incidence of stroke or total death after the HCC Project ended more than 5 years ago.

2. Methods
==========

One thousand CHCs across China were selected for the project between 2005 and 2010. Hypertensive patients were managed for at least 1 year by CHC doctors who were trained by the Chinese Guidelines for Hypertension Prevention and Control.^\[[@R26]\]^ The protocol, which was based on the guidelines, was as follows: classification of hypertension, stratification of global risk, health education, lifestyle changes, and drug titration. Lifestyle changes included smoking cessation, moderation in drinking, exercise, weight loss, and reduction of salt and fat intake. All drugs were prescribed according to the doctors' choices. The patients were followed up by the community doctors every 1, 2, or 3 months based on the risk stratification in the clinic (Supplementary Fig. S1).

This project was approved by the Fuwai Hospital and sub-centers' Ethics Review Boards. All participants provided written informed consent.

2.1. Study population
---------------------

Patients aged 18 to 79 years with hypertension diagnosed by the local hospital and who met the inclusion criteria by measuring BPs again before recruiting, were included in this study. Patients with any of the following were excluded: secondary hypertension; acute coronary syndrome or stroke less than 3 months ago; psychiatric illness; hearing difficulty; physical incapacitation; uncooperative behavior; or life expectancy of less than 1 year.

Two CHCs from the project were randomly selected from Hebei and Zhejiang (subcenters of the HCC project) and 4000 hypertensive patients, who were managed during 2005 to 2008, were followed up in 2013. An additional 2000 hypertensive patients were retrospectively selected as controls from the electronic health record systems (2005--2008) of the CHCs, which were not a part of the HCC program but had comparability in the economic development level and geographical position, in Hebei and Zhejiang as a control group (Supplementary Fig. S2). Baseline and follow-up data for the control and intervention groups was collected using standardized questionnaires in 2013.

2.2. Blood pressure measurement
-------------------------------

BP was measured by trained doctors in clinics at each visit using a mercury sphygmomanometer with a cuff of appropriate size. The pressure at which the first Korotkoff sound appeared was taken as the systolic BP, and the pressure at which the Korotkoff sounds disappeared (fifth phase) was taken as the diastolic BP. The sitting BP was measured twice at 1-minute intervals and once after the patient had remained seated for 5 minutes.

2.3. Definitions
----------------

Hypertension was defined as a systolic BP of 140 mmHg or more, diastolic BP or 90 mmHg or more, or use of an antihypertensive drug. Smoking was defined as the use of at least one cigarette per day. Drinking was defined as consumption of at least 1 alcoholic beverage per week. Diabetes, myocardial infarction, angina, and stroke were self-reported at baseline; death and stroke information were collected using standardized case report forms. All suspected strokes were confirmed by an independent endpoint committee blinded to the study.

2.4. Statistical analysis
-------------------------

Descriptive data are presented as means (standard deviation) and proportions. Chi-squared tests and 2-tailed Student *t* tests were used to compare the baseline characteristics of the 2 groups.

Patients in the intervention group were matched with those in the control group to reduce bias using a 1:1 ratio with propensity scores. The propensity score for each patient was defined as the probability of experiencing stroke, death, or both using baseline data, such as age, gender, body mass index, smoking status, drinking status, systolic and diastolic BP, diabetes, and history of cardiovascular events. The patients were matched using 5:1 digit matching. The success of propensity scores in reducing bias was assessed by comparing the covariates between groups.

The difference in survival between the groups was assessed using the Kaplan--Meier method and log-rank test. Cox proportional hazards regression models were used to compare time to stroke or death for intervention versus control groups with hazard ratios (HRs) and 95% confidence intervals (CIs). Data was adjusted for age, gender, body mass index, smoking, drinking, systolic, and diastolic BP, diabetes, and history of cardiovascular disease.

Sensitivity analysis was performed to assess the robustness of results. Cox models were used after excluding 161 patients with cardiovascular diseases at baseline and 14 patients with stroke or death in the first year.

*P* values below 0.05 were considered statistically significant. Data was analyzed using the SAS software, version 9.2 (SAS Institute Inc., Cary, NC).

3. Results
==========

Of the 6000 study participants, 3787 (63.1%) were eligible for analyses: 2511 in the intervention and 1276 in the control group. The average BP was 142.3/84.8 mmHg in the intervention group and 144.7/88.4 mmHg in the control group (*P* \< 0.01). There were significant differences in cardiovascular risk factors between the 2 groups. After propensity score matching, there were 1078 participants in each group, and the characteristics of the participants in both groups were similar (*P* \> 0.05, Table [1](#T1){ref-type="table"}).
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Characteristics of the patients at baseline.
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In the intervention group, the average BP reduction was 11.5/4.7 mmHg after 1 year of management, whereby the control rate reached near 65%. At the time of follow-up, the average BP was kept lower than that in baseline, and the control rate was 59.3% (Fig. [1](#F1){ref-type="fig"}).

![Average level of blood pressure and the control rate for patients under management. DBP = diastolic blood pressure, SBP = systolic blood pressure.](md-95-e5245-g002){#F1}

Patients in the intervention group were significantly less likely to have a stroke (1.9% vs 2.9%; HR = 0.34, 95% CI: 0.23--0.49, *P* \< 0.01) or die (1.3% vs 3.8%; HR = 0.49, 95% CI: 0.35--0.68, *P* \< 0.01) than those in the control group. After propensity score matching, 110 strokes (2.0% vs 4.6%) and 141 deaths (1.4% vs 3.8%) occurred in the matched intervention and control pairs (n = 1078).

Patients in the intervention group were less likely to experience a stroke during follow-up than those in the control group (HR = 0.40, 95% CI: 0.26--0.62, *P* \< 0.01, Fig. [2](#F2){ref-type="fig"}A); as well as death (HR = 0.50, 95% CI: 0.35--0.72, *P* \< 0.01, Fig. [2](#F2){ref-type="fig"}B).

![(A) Cumulative hazard curves for the primary composite endpoint for stroke. Time-to-event curves of stroke in control and intervention cohort. B. Cumulative hazard curves for the primary composite endpoint for total death. Time-to-event curves of total death in control and intervention cohort. CI = confidence interval, HR = hazard ratio.](md-95-e5245-g003){#F2}

The adjusted HRs for sensitivity analyses was similar to those of the entire group and propensity-score matched participants (Fig. [3](#F3){ref-type="fig"}).

![HRs for stroke and total death among the intervention group versus control group. ∗Exclusion of 161 hypertensive patients with cardiovascular diseases at baseline. \#Exclusion of 14 hypertensive patients occurred deaths or strokes in the first year of follow-up. Adjusted HR: adjusted for age, gender, body mass index, smoking, alcohol drinking, baseline systolic and diastolic BP, diabetes, and history of CV diseases. CI = confidence interval, HR = hazard ratio.](md-95-e5245-g004){#F3}

4. Discussion
=============

This is the first study to evaluate the long-term effects of a short multifaceted intervention on clinical outcomes in hypertensive patients in CHCs. The effect of short-term treatment of hypertension on the incidence of stroke and total death were studied more than 5 years after the project. After a median follow-up of 7.3 years, there was a 60% decrease in strokes and a 50% decrease in total deaths in the intervention group relative to the control group.

Many interventions were used in this project, with the 4 most prominent being health promotion through media, health education, training healthcare staff, and the implementation of treatment guidelines.^\[[@R27]\]^ Studies have shown that interventions involving health education and training of healthcare providers can help patients better understand their diseases, change their health behaviors, and adhere to treatment. This may lead to significant improvement in health outcomes, including BP reduction.^\[[@R28]--[@R35]\]^ These findings were also seen in the Community-Based Cardiovascular Risk Factors Intervention Strategies (CORFIS) study in Malaysia and a community-based intervention study in the United States.^\[[@R21],[@R36]\]^ Chen et al^\[[@R37]\]^ found health education in combination with other interventions reduces stroke death by 74.3% and all-stroke morbidity by 54.7%.

One-year effects of the project HCC, in which many CHCs' data have been pooled in previous studies, and results have shown the average BP to have a significant reduction and the control rate rose markedly.^\[[@R25]\]^ Five years after the project ended, the positive effects remained detectable: the average BP was still lower than that in the baseline, and the control rate was near 59%. There was a 60% decrease in deaths from stroke and 50% decrease in overall death in the intervention group compared with the control group. One of the reasons for this may have been that the training and supervising forced doctors to improve and retain their practices after the program ended. Another reason was the patients' attitude, behavior, and knowledge of prevention for hypertension were improved after 1-year management, and it helped to improve the compliance. This indicated that hypertension management in the community level, even short term intervention, can produce a positive effect for cardiovascular disease prevention. If it continues for a long time, the effect should become more pronounced.

Hypertension is highly prevalent in China and worldwide. Patients with hypertension have poor awareness, treatment, and control.^\[[@R38],[@R39]\]^ Guidelines are still not being adequately implemented by the doctors in their practice.^\[[@R40]\]^ Public health efforts are, therefore, urgently required in order to improve BP control. Standardized CHC-based management of hypertension appears to be a good choice for China and possibly other developing countries.

The present study has several limitations. First, there were significant differences in the baseline data between the groups. Although propensity scoring and sensitivity analyses were carried out, important confounders may have been missed. Second, the study is limited by the limitations of the health record system. It was not possible to adjust for all factors that affect the risk of stroke, such as lipid status, hypertension, or family history. Third, the doctors' practices were not evaluated during and after the program, and it was not clear whether their practices were retained at the time of follow-up. The rate of lost to follow up was near 30%, this maybe have biased the result assessment, although it was reported that a loss to follow-up of 22% would not bias conclusions.^\[[@R41]\]^ Finally, ascertainment bias may have affected the results. For example, some strokes may have been missed if they led immediately to death.

In conclusion, this study was limited by the lost rate of follow up and applying propensity score model retrospectively. However, the results clearly indicated that one-year management of hypertension in the community level could lead to a marked reduction in stroke and total death. Improving hypertension management in community health centers has the potential for improving cardiovascular disease prevention.
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